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A process for the production of ethanol 

The present invention relates to a process for the production 
of ethaaol by continuous fermentation of a carbon hydrate 
5 containing substrate in a feraentor, in which process a stream 
of fermentation liquor is continuously withdrawn from the 
f ermentor and divided in a centrifugal separation step into a 
yeast enriched stream» which is recirculated to the f ermentor, 
and into an essentially yeast-"free stream, which is divided in a 

10 primary distillation step into a top stream enriched in ethanol 
and a remaining liquid bottom stream, of which a part is recir- 
culated to the fermentor and the remaining part is fed to a 
secondary distillation step for division into a vapour stream 
containing the malnlng ethanol and an ethanol impoverished 

15 stUlage stream. 

In a known continuous ethanol fermentation process of the kind 
introductively mentioned, such as disclosed in applicant's 
international application WO 83/01627, coarse solid particles 

20 are first separated in a straining step from the fermentation 

liquor continuously withdrawn from the fermentor, whereafter the 
stream that passes through the sieves is fed to a centrifugal 
separation step for separation into a yeast phase, which is 
recirculated to the fermentor, and a phase freed from yeast, 

25 which is fed to a primary distillation step in a distillation 
plant* ?art of the solid, non-fermentable or inert material 
continuously fed to the process with the raw material la dis- 
charged from the process circuit in the form of coarse partic- 
les, which as sieve rejects is discharged from the circulation 

30 loop, which comprises the fermentor and the primary distillation 
step. The remaining part of inert solid material that continu- 
ously must be removed, is discharged with that part of the 
bottom stream from the primary distillation step which- is fed to 
a secondary distillation step, also called stripping step, in 

35 which the remaining ethanol is stripped off and the liquid 
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A process for the prodttctlon of ethanol 

The present Invention relates to a process for the production 
of ethanol by continuous feraentatlon of a carbon hydrate 
containing substrate In a fermentor, In which process a streaa 
of fermentation liquor Is continuously wlthdravn from the 
fermentor and divided In a centrifugal separation step Into a 
yeast enriched stream, which is recirculated to the fermentor. 
and into an essentially yeast-free stream, which is divided in a 
primary distillation step into a top stream enriched in ethanol 
and a renaining liquid bottom stream, of which a part is recir- 
culated to the fermentor and the remaining part is fed to a 
secondary distillation step for division into a vapour stream 
containing the remaining ethanol and an ethanol impoverished 
13 stillage stream. 

In a known continuous ethanol fermentation process of the kind 
introductlvely mentioned, such as disclosed in applicant's 
international application WO 83/01627, coarse solid particles 
are first separated in a straining step from the fermentation 
liquor continuously withdrawn from the fermentor, whereafter the 
stream that passes through the sieves is fed to a centrifugal 
separation step for separation into a yeast phase, which is 
recirculated to the fermentor, and a phase freed from yeast, 
25 which 13 fed to a primary distillation step in a distillation 
plant. Part of the solid, aon- fermentable or inert material 
continuously fed to the process with the raw material is dis- 
charged from the process circuit in the form of coarse partic- 
les, which as sieve rejects is discharged from the circulation 
loop, which comprises the fermentor and the primary distillation 
step. The remaining part of inert solid material that continu- 
ously must be removed, is discharged with that part of the 
bottom stream from the primary distillation step which is fed to 
a secondary distillation step, also called stripping step, in 
35 which the remaining ethanol is stripped off and the liquid 
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modification la Increased 7ea8C losses, which arise due to 
Increased yeast drainage with the effluent to the primary 
dlstUlatlon step, la which alive yeast Is killed off. 

The object of the present Invention Is to reduce the concen- 
tration of solid inert material In the fermentor-yeast separator 
circuit and Co reduce the required yeast separator capacity 
while maintaining the yeast losses at an unchanged low level. 



10 



This object Is reached according to the Invention In a process 
of the kind Introductlvely mentioned by dividing In a further 
centrifugal separation step at least a part of the liquid stream 
fed to the primary distillation step or Che liquid stream dis- 
charged from the primary disclllation step into a stream 
13 impoverished in fine particles and a sludge stream enriched in 
fine particles and discharging said sludge stream from the 
circulation circuit, which comprises the primary distillation 
step and the fermentor. 



20 



23 



30 



35 



According to a preferred embodiment of the invention, the 
further centrifugal separation step is located after the prinary 
distillation step. Thereby, at least two advantages are reached 
compared with the case of locating the centrifugal separator 
before the primary distillation step. One advantage resides in 
Che fact that Che separated sludge concentrate is comparatively 
Impoverished in ethanol and can be fed directly co Che secondary 
distillation step for final stripping together with the sieve 
rejects and possible remaining liquid stream from Che primary 
distillation step. A second advantage is that some part non- 
separable protein In solved or colloidal state In the feed 
streem to the primary distillation step is transferred into 
separable form through coagulation due to heating during heat 
exchange with the recirculation stream from the primary dis- 
tillation step and further during heating In che distillation 
step itself. These protein aggregates thus formed can now be 
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separated off directly and do aot have to be recirculated to 
the fermentor. 

In the case a further centrifugal separation step Is located 
before the primary distillation step. It Is obtained In the 
separated sludge phase an ethanol concentration of about the 
same magnitude as that of flow fed to the primary distillation 
step» that Is normally In the range of 4*6 % by weight. If the 
separation conditions are selected so that the concentration of 
solid material in the sludge phase from the separation step is 
high and the total sludge stream therefore can be kept relati- 
vely small, a sludge phase can be fed directly to the stripping 
step despite Its high ethanol concentration vlthont algnlfl* 
cantly Impairing the ethanol yield. If the sludge phase Is com- 
paratively large, that is. if it comprises a significant part of 
the liquid to be stripped to final stillage, a feasible way to 
avoid impaired ethanol yield is to strip off most of the ethanol 
in the sludge phase In a separate smaller column. The bottom 
flow from this column can then suitably be fed to a stripping 
step also used for stripping sieve rejects and the possible 
further part of the bottom stream from the primary distillation 
step. . * 

The further centrifugal separation step according to the 
invention makes possible a considerable reduction of solid OS 
in the circulation circuit comprising fermentor, yeast separator 
and primary distillation step. The most conspicuous effect 
thereof is that the flow ratio between effluent and sludge phase 
from the yeast separation step can be considerably increased 
without increasing yeast losses, which, at unchanged ethanol 
production, makes possible a considerable reduction of the 
sludge flow recirculated to the fermentor as well as of the feed 
flow to the yeast separators. If for example the amount of inert 
OS to Che yeast separators is reduced from e.g. 8 % by weight to 
3 Z by weight by installing a centrifugal separator according to 
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Che Inveatloa, the required yeast separator capacity can be 
reduced to about hal£» which aeans a considerably reduced 
luvestaent and energy costs, since the required further 
separator capacity Is far lover than saved yeast separator 
5 capacity* 

The possibility of maintaining a lower concentration of solid 
Inert OS in the circulation circuit due to the invention, 
provides several further Improved process conditions. The 

10 fermentation environment in the fermentor is improved, l.a. due 
to leas foaming and facilitated stirring* Less contamination Is 
obtained in the primary mash column and also in further process 
units such as heat exchangers for heat exchange between the cold 
yeast-free stream from the yeast separators and recirculation 

15 stream from the primary mash column. A lower viscosity of the 
streams in the circulation circuit Improves the fluidity, which, 
facilitates the straining operations and pumping* 

The invention will now be further Illustrated by means of a few 
20 embodiments of the same, shown as examples, reference being made 
to the accompanying drawing, in which Fig. I shows a flowsheet 
with an extra separator Installed after the primary dlstUlatlon 
step, and Fig. 2 shows a flowsheet with an extra separator 
Installed before the primary distillation step* 

25 

According to the aowsheet of Fig* I, fermentation raw material, 
e.g. milled grain» and required process water are supplied with 
a stream I to a substrate treating step 2. in which enzymatic 
hydrolysis to fermentable sugars occurs* From the substrate 

JO treating step 2 a stream 3 with hydrolyaate Is fed to a fermen- 
tor 4, In which continuous fermeacatlon of the hydrolysata 
occurs at steady-state conditions by means of yeast suspended in 
the fermentation liquor during formation of ethanol and carbon 
dioxide, which is discharged from the top of the fermentor 

\5 through 5. To maintain constant yeast concentration in the 
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fermentor, air or oxygeae is supplied either to tha fermentor . 
feed flow 3 or to the fermeator itself to achieve a yeast growth 
corresponding to (oinor yeast losses. A stream of fermentation 
liquor 6 containing ethanol of a concentration in the range of 
5 ^-^6 % by weight is conelnudosly withdrawn from fermentor 4. The 
stream 6 is fed to a straining step 7 for separating off a sieve 
reject stream 8, which is withdrawn from the circulation circuit 
comprising fermentor A and a primary distillation 9 and fed to a 
secondary distillation step 10. 

10 

A stream of fermentation liquor II freed from coarse particles 
and fibres is fed to a yeast separation step 12 comprising one 
or several yeast separators. A heavy phase scream 13 containing 
essentially all yeast from the stream 11 and also finer inert 

15 material not rejected in the straining, step 7 is recirculated 
to fermentor 4. A light phase stream 14 essentially fre^ from 
yeast is continuously withdrawn from yeast separators 12 and fed 
to the primary distillation step 9» generally consisting of a 
multi-stage column. From the top of column 9 the major part of 

20 the ethanol present in the yeast-free stream 14 is removed 

through a vapour stream 15, which normally contains ethanol in 
the range of 35-40 % by weight. A bottom stream 16 having an 
ethanol concentration in the range of 0,1-0,2 % by weight is 
discharged from the bottom of column 9. In the shown embodiment 

25 a partial stream 17 of the bottom stream 16 is sent directly to 
a stripping column, constituting the secondary distillation step 
10. Another partial stream 18 of the bottom stream 16 is recir- 
culated to the fermentor through 19 and/or also to the subatrate 
treating step 2 through 20. A further partial stream 21 of the 

30 bottom stream 16 is fed to a further centrifugal separation step 
22, in which it is divided into a sludge stream 23 enriched in 
fine particles and an effluent stream 24. The sludge stream 23 
is fed to a stripping column 10, and the effluent stream 24 is 
recirculated with the stream 18 in the circulation circuit com*- 

35 prising fermentor 4 and the primary distillation step 9. 
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For heat exchanging the yeast-free stream 14 to be fed to the 
primary dlatUlatlon step 9 with the part of the bottom stream 
16, which is recirculated to fermentor 4 and/or the substrate 
treating step 2, a heat exchanger 25 can be installed for heat 
5 exchanging the recirculacion streams 18 md 24 with the yeast*- 
free stream 14, whereby the inflow to the sludge separator 22 
will be warm. Alternatively the heat exchange can be carried ' 
out la a heat exchanger 26 Installed before the sludge separator 
22, ^Aereby the Inflow to the same will be cooled down to near 

10 fermentor tenperatur. A warm Inflow 21 to the separator 22 can 
facilitate the separation, while high temperature operation puts 
higher demand on the separator functioning from the view of safe 
operation. Whether heat exchange is to be carried out before or 
after the separator 22 depends on the type of separator used, 

15 and in many cases a division of the heat exchange through one 
unit 25 and one unit 26 Is to be preferred. 

If the separation conditions in the centrifugal separation step 
22 is selected so that the sludge stream 23 has relatively low 

20 sludge concentration, the stream 17 to the stripper 10 can 

possibly be eliminated. On the contrary, if the sludge stream 
.23 has a high concentration of Inert solid material, the sludge 
stream 17 will be necessary for balancing the removal of inert 
material from the circulation circuit and maintaining steady- 

25 state. 



Likewise depending on the separation conditions in the centri- 
fugal separation step 22, whole or part of the stream recircu- 
lated to the fermentor or to the substrate treating step can be 

30 passed through the separator 22. In the extreme case the stream 
18 can thus be eliminated. Further, an arbitrary part of the 
recirculation streams 18 and 24 can be used for washing (not 
shown in Fig. 1) the sieve reject stream 8 from straining step 7 
in order to reduce the yeast losses and the ethanol concentra- 

35 tion in the sieve reject stream 8. 
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The sieve reject atreot 8 as well as the sludge stream 23 from 
the centrifugal separation step 22 and the stream 17 are fed 
to the stripping column 10 for stripping off the remaining 
ethanol and recovering a concentrated stillage stream 27 from 
5 the bottom of the stripping column 10. The ethaiool containing 
vapours 28 from the stripping column 10 are fed to the primary 
distillation column 9 as direct heating medium. The stripping 
column 10 and the primary distillation column 9 can suitably 
be combined in a common column, in which the downwards streaming 
10 liquid flow is blocked on an intermediate level for the dis- 
charge of the bottom stream 16 from the upper part 9 of the 
column, which constitutes the primary distillation step. 



Fig. 2 shows an embodiment, which is identical with the embodl** 
15 ment shown in Fig. 1 except the location of the sludge separator 
22 in the process curcuitv. Therefore, the exactly corresponding 
process units and streams have been given the same figure 
references as in Fig. 1* 

20 Depending on the selection of sludge separator and separation 
conditions, whole or part of the yeast free stream 14 from the 
yeast separation step 12 is fed as feed flow 21a to a further 
sludge separator 22a. A sludge stream 23a enriched in solid 
Inert material is discharged from the separator 22a and fed to 

25 stripping column 10. Since now the sludge stream 23a, contrary 
to the previous embodiment, has a considerable ethanol concen- 
tration being of the same magnitude as that of the inflow 14 to 
the primary column 9, it can be convenient to add to the strip- 
ping column 10 one or a few further distillation trays la com- 

30 parison with the stripping column of Fig. 1, and to supply the 
sludge stream 23a on a somewhat higher level to the stripping 
column 10 than the remaining streams 8 and 17 also fed to the 
stripping column 10. A stream 24a impoverished in fine particles 
is sent together with the remaining part 18a of the yeast free- 

35 stream 14 to the primary column 9« 



wo 86/03514 




;85/00493 



9 



Of the same reason as mentioned In context «lth the previous 
embodiment, one or both of the by-pass streams 17 and 18a can 
possibly be eliminated depending on the selection of separation 
conditions and centrifugal separator. 
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1. A process for the production of ethanol chrough coatlnuous 
fermeutaclon in the presence of yeast of a carbon hydrate « 
containing substrate in a fermentor (4)/ wherein a stream of 
fermentation liquor (6) is continuously withdrawn from the 
fermentor, said stream of fermentation liquor after possible 
raaoval of coarsd solid particles In a straining step (7) is 
divided in a first centrifugal separation step (12) into a yeast 
enriched stream (13), which is recirculated to the fermentor, 
and an essentially yeast-free stream (14), which in a primary 
distillation step (9) is divided into a top stream (15) enriched 
in ethanol and a remaining liquid bottom stream (16), at least a 
part (19, 20) of which is recirculated to the fermentor and/or 
to a substrate treating step (2) which -proceeds the fermentor, 
and the possibly remaining jpart (17) of the boctom stream (16) 
Is divided in a secondary distillation step (10) in an ethanol 
containing vapour stream (28) and an ethanol impoverished 
stillage stream (27), characterized in that 
at least a part of the streams selected among the liquid stream 
(14), which is fed to the primary distillation step (9) and the. 
liquid stream (16), which is discharged from* the primary distil- 
lation step (9), is further divided in a further centrifugal 
separation step (22, 22a) into a stream (24, 24a) impoverished 
in fine particles and a sludge stream (23, 23a) enriched in fine 
particles, and chat said sludge stream is discharged from the 
circulation circuit, which comprises the primary distillation 
step (9) and the fermentor (4). 

2- A process according to claim 1, characterized « 
1 n that at least part of the bottom stream (16) from the 
primary distillation step (9) is subjected to separation in a 
centrifugal separation step (22), and that the sludge stream 
(23) is discharged from said circulation circuit. 



wo 86/03514 

II 



;/00493 



3* A proceaa according to dala 2, characterised 
1 a that said aludge atream (23) la fed to aaid aeeondary 
dlatUlatioa atep (10). 

5 4. A proceaa according to claim 1, in which a ateve reject 
stream (8) containing coarae aolid partlclea la separated from 
aaid atream of fermentation liquid (6) in a atraining atep (7), 
characterised in that aaid sieve reject atream 
(8) and aaid atream (23, 23a) enriched in fine particles, are 

10 fed to a secondary diatUlation step (10), and that the vapour 
stream (28) leaving said secondary distillation step (10) is 
fed to said primary distUlation step (9) in the form of direct 
vapour • 
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